Electric vehicles are considered as a new generation of transport to solve the energy crisis, switched reluctance motor (SRM) has been widely used in electric vehicle drive system. Indirect instantaneous torque control (DITC) for SRM, Traditional PI regulator has some defects, A new direct instantaneous torque control for SRM based on active-disturbance rejection control (ADRC) optimized by least squares support vector machines (LSSVM) method is proposed in this paper, using the Firework Algorithm (FWA) to optimize the penalty factor and kernel parameters of the LSSVM model to obtain the optimal FWA-LSSVM regression model, Finally, the ADRC controller embedded the FWA-LSSVM optimal regression model is analyzed and optimized to improve the dynamic response speed and anti-jamming capability of the system and enhance the robustness of the system. MATLAB simulation results show that the feasibility and superiority of the method.
INTRODUCTION
Faced with the two major problems of energy shortage and environmental pollution, all countries in the world are vigorously developing and promoting new energy electric vehicles. Motor drive system is one of the key technologies in the development of electric vehicles. Switched reluctance motor (SRM) has been increasingly used due to its simple structure, low cost, high efficiency and robustness More used in large and medium-sized electric vehicle traction [1] [2] [3] [4] . ________________________ Because of its special double-salient pole structure and pulse current power supply, switched reluctance motor speed control system is a serious nonlinear system [5] . The direct instantaneous torque control (DITC) method can effectively suppress the SRM torque ripple [6] , but in the traditional direct instantaneous torque control, the PI controller is used for the speed loop. When the controlled object is in a strong interference environment, the traditional PI control is difficult to achieve the effect of control. The ADRC is a new control method proposed by researcher Han Jingqing [7] . It can estimate the disturbance of the internal parameters of the control system and the variation of the external load in real time and make the estimated disturbance value follow-up compensation. It can improve the response speed of the control system and enhance the anti-interference ability of the system. Solve the conflict between the rapidity and overshoot of the traditional PI controller in the speed control system [8] [9] .
The Firework Algorithm (FWA) is a new evolutionary algorithm proposed by Tan and Zhu in 2010, has strong ability of optimization and solver and has attracted more and more researchers' attention in recent years [10] [11] [12] . Least squares support vector machine (LSSVM) is an extension of support vector machine, the optimization index adopts square term, and uses the equality constraint instead of the standard support vector machine inequality constraints, the quadratic programming problem into linear equations that can be solved by least square method, which reduces the computational complexity and improves the speed of solving [13] [14] . This method solves the problems of small sample, nonlinearity, high dimension and local minima, which are widely used in the fields of pattern recognition, signal processing and time series prediction. However, the performance of the algorithm relies heavily on the choice of model parameters. In [15] , the model parameters are selected by cross-validation method. The parameter selection in [16] adopts traversal optimization method, which is not necessarily the global optimal solution. In response to these problems, this paper uses Fireworks Algorithm (FWA) to optimize the parameters to get the optimal solution to improve the model prediction accuracy of LSSVM.
In summary, this paper combines LSSVM algorithm with fireworks algorithm, and proposes a direct instantaneous torque control of SRM for Electric Vehicles based on FWA-LSSVM improved ADRC. Based on the closed-loop speed control system of switched reluctance motor based on ADRC, First, the optimal regression model is obtained by discretely training the parameters in ADRC using the principle of FWA-LSSVM, and then the optimal regression model is combined with the ADRC controller to complete the improvement of ADRC. This method can improve the ADRC estimation accuracy and the dynamic response speed of the control system, and significantly reduce the steady-state error of the direct instantaneous torque control system of SRM. The simulation results of MATLAB show that the improved ADRC controller based on FWA-LSSVM presented in this paper not only has better anti-interference ability than the traditional PI controller but also has better response speed than ADRC controller in SRM direct instantaneous torque control.
DITC OF SRM BASED ON ADRC CONTROLLER

SRM Mathematical Model
Switched reluctance motor voltage balance equation is [6] :
Where u k is the k-phase motor winding voltage; R k is the k-phase winding resistance; i k is the k-phase current; k  is the k-phase winding flux.
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The electromagnetic torque equation of the motor is:
Motor rotor mechanical equations of motion:
Where J is the moment of inertia, T L is the load torque, f is the damping coefficient.
Closed-Loop Speed Control System of SRM Based On ADRC
The ADRC controller mainly consists of three parts: tracking differential (TD), extended state observer (ESO) and nonlinear state error feedback law (NLSEF). TD gives a reasonable control signal to solve the conflict between the response speed and overshoot in the traditional PI control. ESO is the core control part of the ADRC. It real-time estimates the input and output of the controlled object System disturbances, and compensates these disturbances to the system in real time, so as to achieve high-precision control effects. NLSEF can make the error of the controlled objects decrease exponentially [17] .
The equation (3) available:
Therefore, the SRM speed control system can be expressed as:
Where is the disturbance of the system, bT is the control quantity.
From equation (4) we can see that the changes of T L , f and J all affect the control accuracy of the system, and we call this kind of influence the disturbance. Assuming that the disturbance of the system is W(t), it is difficult to determine the specific expression of W(t) when the motor is running, but in an ADRC system, it is not necessary to know the specific expression of W(t). It is possible to estimate the amount of change a(t) of W(t) over time and to compensate a(t) in real time for subsequent control.
The mathematical model of each part of ADRC speed controller is as follows:
TD discretization equation is:
The definition of f 1 in equation (6) is:
The ESO mathematical model is:
Where Z 1 is the tracking value, Z 2 is the system disturbance estimate, α is the non-linear factor, δ is the filter factor, β 1 , β 2 is the coefficient, and f 2 is defined as follows:
The NLSEF mathematical model is:
DESIGN OF ADRC CONTROLLER IMPROVED BY FWA -LSSVM LSSVM Regression
LSSVM regression has the feature of establishing nonlinear system by mapping the input data into a high-dimensional feature space and then solving the regression problem of linear equations [18] .
Suppose training sample data
, where x k and y k are the input data and the output data of k training sample, the objective of the LSSVM regression model is to construct the formula (11) [19] Model: 
Where J is a loss function, γ is the penalty term, k  is the relaxation factor.
For solving the optimization problem, the Lagrangian function of (13) is given by 2 1 sgn( ), ( , , ) ,
According to Karush-Kuhn-Tuker (KKT) conditions, can be reduced to the form of the following equation:
where [ , solving equation (14) gives:
Then, the LSSVM regression function is deduced and represented as
The key of LSSVM regression is the selection of kernel function
and parameter γ.
FWA
Fireworks optimization algorithm considers each firework as a feasible solution in a solution space, and generates spark points by explosion as feasible solutions for global search. The radius of the explosion and the number of the explosions are changed according to the fitness value of each fireworks. The smaller the fitness value, the smaller the explosion range, the more the number of explosions and the opposite of the large fitness value. FWA core includes explosion operator, mutation operation, mapping rule and selection strategy [20] [21] . 
Where S i is the number of sparks that the ith fireworks can produce, round() is the Integer-valued function, am and bm are the upper and lower bounds that produce the spark.
Displacement operation is the operation of fireworks in FWA: are the boundary upper and lower bounds in the kth dimension; % is the modulo operation.
Selection strategy
In FWA, the distance between individuals is measured using the euclidean metric, namely:
is the Euclidean metric between individuals x i and x j ; () i Rx is the sum of the distances between individual x i and other individuals; K is a position aggregate of sparks that produce after fireworks explode and mutate.
In order to ensure the diversity of the population in FWA, individuals are selected by means of roulette betting. The probability P(x i ) of each individual being selected as the next generation new population is:
From equation (24), individuals farther away from other individuals have the greater probability of being selected as individuals of the next generation of new populations.
FWA-LSSVM
In this paper, Radial Basis Function is selected as the kernel function of LSSVM model, then the regression equation of (16) 2 2
Therefore, the key of model regression is the selection of penalty term γ and kernel parameters  . In this paper, we use FWA to optimize the two parameters (γ, ) in LSSVM to get the optimal regression model. When using the FWA algorithm to optimize the parameters of the LSSVM model, the position of each fireworks individual X i represents the penalty term and the kernel parameter of the model, namely (γ,  ). The goal of the algorithm model training is to find out the best penalty term γ and kernel parameter  by iteratively calculating the position of the individual fireworks which is seeking the best fitness function. In FWA-LSSVM, the fitness value of each firework is calculated by the formula (26). 
Where is the fitness value of the ith sample, n is the number of samples, y i is the actual output of the ith sample and is the predicted output of the ith sample. The main steps of optimizing least squares support vector machine algorithm based on fireworks algorithm are as follows.
Step 1: Select the value of the fireworks population N and the maximum number of iterations W, initialize the position of fireworks i X . The sample set is divided into two parts, the odd group sample set is the training sample set, the even group sample set is the test sample set.
Step 2: Training samples, the position of each fireworks and training samples into equation (15) to calculate the predicted model parameters  and b values.
Step 3: Test samples, the position of the fireworks, test samples and predictive model parameter values into the formula (25) to calculate the predictive output value, and according to the formula (26) to calculate the fitness value of the fireworks.
Step 4: According to formula (17)- (19) Calculate the number of sparks produced by each fireworks explosion S i and explosion radius A i . Using the equations (20) and (21), each exploded fireworks is subjected to a variational operation to generate a spark,which is mapped to a range using the mapping rule of equation (22) for sparks that exceed the limits.
Step 5: Determine whether to meet the termination conditions. According to equation (26), calculate the individual fitness value of each spark after explosion and variation; and determine whether the maximum number of iterations can be terminated, if satisfied, then take the current population of fireworks and sparks individual minimum fitness value min min( yf  i ( x ) ) for finding the best position. If it is not satisfied, min y and other individuals kept by the selection strategy form a new population, and repeat step2 to continue the iteration until the maximum number of iterations is satisfied.
Step 6: Update penalty term γ and kernel parameters  in LSSVM. Using the optimal position obtained in step 4, the penalty term γ and kernel parameters  in LSSVM are updated to get the optimal regression model.
Direct instantaneous torque control for SRM based on FWA-LSSVM improved ADRC
The closed-loop speed control system of SRM based on ADRC shows that the disturbance W(t) of the system is completely unknown and is estimated by real-time ESO in the ADRC controller. Assuming that the total system disturbance is W(t) = W 1 +W 2 , if we know the partial perturbation value W 1 of the system and W 2 is an unknown perturbation part, then the estimated disturbance part of ESO will be reduced and the estimation accuracy will be Enhance.Therefore, this paper uses the FWA-LSSVM regression prediction model to provide some perturbation values W 1 of the system in real-time, and uses the W 1 and ESO real-time estimated system disturbance W 2 is feedforward compensation as the total system disturbance, so improve the control system's dynamic response speed and anti-interference ability. According to the above-mentioned closed-loop speed control system of SRM based on ADRC, first of all, the ADRC of ESO output data Z 1 and Z 2 sampling; then Z 1 as input sample, Z 2 as its output sample, using FWA-LSSVM algorithm to sample set (Z 1 , Z 2 ) for offline training, the optimal regression model is obtained. Put the trained optimal regression model into the ADRC controller of the Direct instantaneous torque control for SRM based on ADRC, and got it the direct instantaneous torque control system diagram of SRM based on FWA-LSSVM improved ADRC as shown in Fig.1 .
The function of the FWA-LSSVM model in this control system is that it can calculate the partial disturbance value F currently received by the system according to the input signal value of the system in real time. The F and ESO real-time estimated disturbance as the total system disturbance, to compensate for the system, in order to improve the anti-interference ability of the control system. Thus, the improved ADRC controller mathematic model based on FWA-LSSVM is as follows:
FWA-LSSVM regression model. At the same time, based on the FWA-LSSVM improved ADRC controller, compared with the ADRC controller and the traditional PI controller in the response speed and anti-interference ability of the motor, the advantages of the controller in the direct instantaneous torque control of SRM are verified.
Comparison of motor response speed based on FWA-LSSVM improved ADRC controller and ADRC Controller
Firstly, compared with the FWA-LSSVM and original LSSVM predicted regression model error, the superiority of the FWA-LSSVM algorithm proposed in this paper is verified. Fig.2 compares the predictive error of ADRC controller based on FWA-LSSVM and original LSSVM model. 1000 groups of data were sampled from Z1 and Z2, of which 500 even group data were used as training data and 500 odd groups as test data. It is shown from Fig. 2 that the prediction error of FWA-LSSVM is obviously less than that of LSSVM. 3 shows that the reference speed is 500r/min, the load torque in 0.4s from 1N.m mutation to 3N.m, the direct instantaneous torque control of switched reluctance motor based on ADRC and the simulation results of the direct instantaneous torque control of switched reluctance motor based on FWA-LSSVM ADRC are compared.
As can be seen from Fig.3 (a) , in the direct instantaneous torque control system of switched reluctance motor based on ADRC, when the load is suddenly changed in 0.4s, the rotational speed is reduced from 500r/min to 492r/min and after 0.16s it can be restored to its original stable state. In the direct instantaneous torque control of switched reluctance motor based on FWA-LSSVM optimization ADRC, when the load is suddenly changed in 0.4s, the rotational speed is reduced from 500r/min to 496r/min, and only 0.08s can be restored to its original stable state. As can be seen from Fig.3(b) , in the SRM direct torque control, the torque ripple based on FWA-LSSVM improvement ADRC is smaller than the torque ripple based on ADRC.
The simulation results are as follows: In the directinstantaneous torque control system of switched reluctance motor based on FWA-LSSVM improved ADRC, the dynamic response speed of the system is accelerated, while the steady-state error is reduced and the control effect is better than that of the ADRC controller. This is because the FWA-LSSVM model in the improved ADRC can effectively enhance ESO's estimation of the system disturbance in the ADRC, thus improving the observation precision of ESO and improving the dynamic performance of the system. Comparison of anti-interference ability of motor based on FWA-LSSVM improved ADRC controller and PI Controller Fig.4 (a) and (b) respectively gives the comparison of the motor speed in the ADRC direct instantaneous torque control system based on the traditional PI controller and the FWA-LSSVM improved ADRC controller, which is 1000r/min under no-load condition and the rotational inertia of the system is changed.
From Fig.4 (a) and (b) it can conclude that when the torque inertia of the SRM changes. The speed rise time of the motor is almost unaffected in DITC system for SRM based on ADRC controller improved by FWA-LSSVM. This shows that the improved ADRC can obviously improve the anti-interference ability of the control system and enhance the robustness of the system and enhance the robustness of the system.
The simulation results of the anti-interference ability of the motor are as follows: The improved ADRC controller based on FWA-LSSVM is superior to the traditional PI controller in anti-interference ability.
（a）Based on PI control（b）ADRC control based on FWA-LSSVM optimization 
CONCLUSION
In order to further improve the ADRC control performance andimprove the control effect of the SRM direct instantaneous torque control system, an improved SRM direct instantaneous torque control method based on FWA-LSSVM is proposed in this paper. Simulation results show:
(1) Optimization of LSSVM model using fireworks algorithm predicts less regression error and higher precision than LSSVM model.
(2) The ADRC controller based on FWA-LSSVM has better estimation accuracy and faster dynamic response than the traditional ADRC controller. 
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(3) Adopting FWA-LSSVM to improve ADRC controller compared with the traditional PI controller, the motor has better anti-interference ability and better robustness.
